INTRODUCTION
The rapid development of technology has been materialized over time by, for example, the creation and widespread use of household appliances.
At home or in the office, we are surrounded by the most sophisticated equipment and devices, without which it would be impossible for us to imagine our everyday living. Once connected to a power supply network, these devices generate low-frequency electric and magnetic fields, complementary to (operational) radio frequency fields. There is a qualitative perception that as power consumption increases, the generated (electro)-magnetic fields become more profound.
Concerning control of a person's exposure to electromagnetic fields during working hours, Directive 2013/35/EU [1] stipulates precise responsibilities for employers and presents an overview of action levels at 50 Hz (1,000 µT RMS) as recommended by the ICNIRP 2010 Guidelines. At home, where a person is supposed to be in a "corner" for rest and relaxation, it is a priori supposed that exposure to various harmful factors, including electromagnetic fields, is lower, without additional checks. Is this true, given that the number and diversity of equipment found in a modern home can in some cases be much higher than at work? Sometimes, they are much closer to two of the most sensitive parts of the human body: the eyes and the brain. Most of the research undertaken on this issue has been focused on the work environment, with much less work dedicated to the private home environment. The variety of these low-frequency magnetic field sources involves a wide range of measurement methods, with the aim of realistically characterizing the electromagnetic home environment.
Even if numerous studies have been published over the last 25 years related to human exposure to low-frequency electric and magnetic fields [2] [3] [4] [5] [6] , the possible connection between the magnetic field generated by appliances and the current consumption has not been investigated in detail.
More recent studies have started to approach this issue, making the necessary difference between occupational and residential exposure [7, 8] .
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[9], or classification using probabilistic neural networks [10] . Systems monitoring electrical energy consumption have also been developed, allowing for automatic home appliance detection (and even identification) by means of the analysis of domestic power consumption [11] [12] [13] .
Recent papers have presented techniques and various algorithms for monitoring electric power consumption in individual households [14, 15] .
An important concern of European organizations and authorities is the characterization and limitation of household electricity consumption, promoting energy-saving techniques by means of adequate policies and recommendations [16] .
In the relevant literature, the two most important factors that contribute to the characterization of a household electrical appliance, the absorbed current and the magnetic field emitted during standard operation, have been treated as separate. What we attempt in this paper is to study the possible relationship between the two previously mentioned characteristics.
In particular, we select 47 representative household appliances, mainly because they work in very close vicinity to the human body. We establish their normal, stable operating regime and measure both the current absorbed from the outlet and the resulting magnetic field, at a point located 30 cm from the apparatus. We chose this distance as a reasonable compromise for the cases in which the user stands close to the equipment for comparative consistency. Consequently, the test setup consists of an adequate current sensor and one magnetic flux density measuring equipment. Several factors are taken into account: the specifications of the measurement devices, the measurement methods, and the operating mode of the appliances.
METHODOLOGY AND INSTRUMENTATION
All magnetic field measurements were performed using a hand-held triple axis 480826 EMF Tester manufactured by Extech Instruments (Figure 1 ), which operates in the frequency range from 30 Hz to 300 Hz, the RMS values of the magnetic flux density being calculated by Equation (1):
where Bx, By, and Bz are the RMS values of the magnetic flux density measured in three orthogonal directions.
The intensity of the drawn current was measured using a 80i-400 AC true RMS current clamp meter produced by Fluke, with the output level set at 1 mA per 1A of input current (Figure 2) .
The measuring setup for studying the possible relationship between the magnetic field generated by the home appliance (Equipment Under Test [EUT]) and current consumption is shown in Figure 3 .
Both in terms of the average and RMS values of the absorbed current, from the point of view of the density of the produced magnetic flux and of the desired modeling simulation, the household appliances can be divided into two main categories (that may also have common elements): (quasi-) linear devices based on the thermal effect of electric energy and appliances with a motor that converts electrical energy into mechanical energy. There are, of course, appliances that meet both criteria of having both heating resistance and an electric motor (washing machines, air-conditioning devices, microwave ovens, etc.).
Consequently, the 47 studied appliances have been categorized as either Class 1 (C1) appliances that mainly operate based on the thermal effect of the electric current and Class 2 (C2) appliances that essentially operate based on an electric motor(s), with more details in [17] .
For both categories, the real, direct measurements have been performed with the handheld triple-axis 480826 EMF Tester.
For the purpose of comparison, the magnetic field generated by a linear conductor or an operating electric motor could be calculated using various commercial software packahes, mostly based on the finite element method.
We have also performed the theoretical calculation of the magnetic flux density generated by C1-type appliances based on their drawn current by using the Biot-Savart law. This calculation provides that the derivative of the magnetic flux density B d is generated at a point M, at distance r (direction is given by the unit vector rˆ) from the current I (which crosses the infinitesimal 
The relationship between the drawn current and the magnetic field is studied considering a long straight wire, which is carried out by an electric current I in the positive direction along the yaxis.
We essentially want to calculate the magnetic field B  , generated at perpendicular distance R from the wire due to the current running in the positive direction along the y-axis.
We have chosen the origin O as being the separation between the negative and positive parts of the wire related to the x-axis. The wire is divided into an infinite number of small segments dl, each of which is driven by an infinitesimal current, known as the "current element". This current element creates an infinitely small magnetic field, given by dB at point M. If we want to find the total magnetic flux density at this point, we add all the quantities of B d  as a result of all the small current elements given by dl, as shown in Equation (3):
Because we have considered an infinitely long wire, Equation (3) can be written in integral form, as shown in Equation (4) We simply have to use the right triangle from Figure 4 , where R is the distance from point M to the origin point O, and l is the distance from origin O to the dl quantity.
By using the Pythagorean Theorem, we have:
where R is considered constant, while l and φ are variables.
Both l and φ are variables appearing in Equation (4), and it is necessary to express one in terms of the other.
We want to express l in terms of φ using the tangent function, as shown in Equation (6):
We observe that:
We also want to express dy in terms of angle φ, deriving both members of Equation (7) as presented in Equation (8):
Using (8) in (4), we get the equation (9) (9) In Equation (9), we observe that the integral is defined from 0 to π. In Figure 4 , we observe that when the negative part of the wire goes to -∞, the angle φ becomes very small, in fact, very close to zero. While the wire tends to +∞, the angle goes to π radians.
After some related transformations, we get Equation (10) 
In essence, the Biot-Savart law establishes the direct proportionality between the electric current and the generated magnetic field.
MEASUREMENTS AND RESULTS

Household appliances based on the electro-thermal effect
Using the setup in Figure 3 , we have determined the absorbed current and the magnetic field emitted by 21 devices. The registered data is summarized in Table 1 . For comparison, the last column on the right, Bc, is introduced. This column contains the magnetic field values, calculated on the basis of the BiotSavart law, for the measured currents, at the points with the previously stated spatial coordinates. The household appliances have been modeled as a long straight wire through which a known electric current passes.
The values recorded for the drawn current range from 1.5 A (a washing machine in extortion mode) to 22.3 A (an electric hob).
For comparable (even quasi-similar) appliances, it may be that both the drawn current and the magnetic field differ significantly. Furthermore, the direct proportional dependence that theoretically might be established between the current and the field, according to the Biot-Savart law, is by no means respected. For instance, the two irons, labelled "iron3" and "iron 4" have quasi-similar values for the drawn current (about 8.6 A), while associated magnetic field values differ with an order of magnitude (628.89 and 52.81, respectively).
The fact that there are significant differences between the magnetic fields emitted by devices with perfectly comparable features is evidence that this issue has been considered by many manufacturers and designers, who have tried to find the right technological solutions (shielding, wiring, grounding, positioning, etc.) with the aim of reducing the (electro)magnetic emissions. We performed measurements on the drawn current and the emitted magnetic field for 26 household appliances, Class C2, summarized in Table 2 .
Household appliances based on an electric motor
Most of the recorded values for the drawn current are smaller than 1 A, excluding microwave ovens, electric vegetable cutters, and vacuum cleaners, for which the current consumption ranges from 2.9 A to 8.34 A.
Perhaps the results regarding the two vacuum cleaners belonging to the same class should be considered. Although the absorbed currents are in the 1:2 ratio, the magnetic fields emitted are virtually equal.
We also remarked that in the case of a hand-mixer, the drawn current has a very low value, while the magnetic flux density is greater than 9 µT.
In the case of several household appliances, such as refrigerators, fruit juicers, or vertical freezers, very low values for both the drawn current and magnetic flux density have been recorded.
As we anticipated, there is no linear dependence between the current consumption and the magnetic field generated by the household appliances from Class C2. Figure 6 graphically expresses this result.
It is appropriate to suggest the absence of any law of dependence between the current absorbed by the appliance and its emitted magnetic field by combining the graphical representations of Figure 5 and Figure 6 , thus resulting in Figure 7 . Figure 5 . The dependence between the magnetic field (measured vs. calculated) and drawn current for C1 Class appliances Table 2 . Typical values of magnetic flux density and drawn current at 30 cm for C2 class appliances. 
Household appliance I in A B in nT
CONCLUSIONS
By means of a simplistic application of the well-known BiotSavart law, at first glance, a user with good knowledge of electrical engineering would be tempted to consider that a highpower appliance (which consumes a higher current from the network) would produce a high magnetic field in its vicinity. Rigorous measurements made for 47 household appliances have shown that the situation is different, primarily due to designers who have adopted technological solutions (shielding, wiring, cabling, grounding, positioning, etc.) to reduce or simply compensate for low-frequency magnetic field pollution. It should also be borne in mind that the distribution of the magnetic field around an electric motor rarely has spatial uniformity. Thus, the (horizontal) position of the measuring point, located on a 30 cm radius circumference, might influence the measured value.
In future research, we aim to 3D model the spatial distribution of magnetic fields produced by electric motors that typically equip household appliances. Furthermore, a comparative analysis of the efficiency of the methods adopted by various designers regarding the diminution of low-frequency magnetic fields will be performed. 
